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(57) Abstract: Described herein is a latch circuit (110) which has an improved maximum toggle rate or frequency. The latch circuit 
(110) comprises a first portion (116) and a second portion (62) in which input clock signals (52, 54) are applied to respective input 
transistors (118, 78). The input transistor (118) for the first portion (116) has an emitter area which is double that of the input 
transistor (78) for the second portion (62). This Imbalance' between the two input transistors (1 18, 78) provides an increase in the 
Tiold period/follow period' ratio such that it is greater than (1), the self-resonance of the latch circuit (110) and also maximum toggle 
rate or frequency. 
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IMPROVEMENTS IN OR RELATING TO THE OPERATIONAL FREQUENCY 

RANGE OF LATCH CIRCUITS 
The present invention relates to improvements in or relating to the 
operational frequency range of latch circuits and is more particularly, although . 
not exclusively, concerned with Improvements relating to'hold/follow" latches. 

It is common to use a •divide-by-2' prescaler in many types of circuits. 
These prescalers consist of two latches, namely, a master latch and a slave 
latch, both latches changing their modes to either holding or following in 
accordance with input clock phase. Such latches are generally known as 
'hold/follow' latches. 

However, prescalers tend to have a maximum toggle rate or frequency 
due to their construction. In particular, the maximum toggle rate or frequency 
tends to be governed by the transistors used to implement the 'hold/follow' 
latches, the layout parasitics and track path lengths. 

It is therefore an object of the present invention to provide an improved 
prescaler, which has a higher maximum toggle rate. 

In accoidance with one aspect of the present invention, there is provided 
a latch circuit including:- 

a first latch portion including a first clock transistor; and 

a second latch portion including a second clock transistor. 

wherein the first and second clock transistors fbrni a transistor dock pair 
and the first clock transistor has a different property or characteristic to the 
second clock transistor such that the 'hold period/follow period' ratio of the 
transistor clock pair is greater than 1 . 

Advantageously, the different property or characteristic comprises a 
difference in emitter area. 

Preferably, the emitter area of the first clock transistor is greater than that 
of the second clock transistor. 
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In one embodiment, the emitter area of the first clock transistor is double 
that of the second clock transistor. 

In accordance with another aspect of the present invention, there is 
provided a prescaler circuit Including a first and second latch circuit as 
5 described above. 

For a better understanding of the present invention, reference will now be 
made, by way of example only, to the accompanying drawings in which:- 

Flgure 1 illustrates a known 'divide-by-2' prescaler. 
Figure 2 illustrates the dock signals applied to the Figure 1 prescaler and 
10 the outputs of the master and slave latches thereof; 

Figure 3 illustrates a latch circuit in more detail; 

Figure 4 Illustrates a latch circuit in accordance with the present 
invention; and 

Figure 5 illustrates the relative sensitivities of the Figure 3 and Figure 4 
15 latches. 

Refening initially to Figure 1, a typical 'divide-by-2' prescaler 10 is shown 
which comprises a master latch 12 and a slave latch 14. Each latch 12, 14 is 
connected to receive clock inputs 16, 18 along lines 20, 22 and 24, 26 
respectively. Clock inputs 16 and 18 are complementary, and when clock Input 
20 16 is high, clock input 18 is low and vice versa. The latches 12, 14 are 
connected together by lines 28, 30 as shown, and are also connected to outputs 
32. 34 via respective lines 36, 38 and 40, 42. Lines 40 and 42 comprise the 
outputs from latch 14 and lines 28 and 30 comprise the outputs from latch 12. 

When the dock input 16 to a latch 12 is high and the clock input 18 is 
25 low, the data output of latch 12 follows on lines 28 and 30 and the data output of 
latch 14 holds Its cun-ent state, that is, the current data. When the clock Input 
16 is low and the clock input 18 is high, latch 12 holds its cun^ent state and latch 
14 follows the data. For the prescaler 10 shown In Figure 1, the outputs 32, 34 
toggle their states on the falling edge of clock input 16 as shown in Figure 2. 
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In Figure 2, the waveforms of the dock inputs 16. 18 are shown. The 
waveforms for the outputs 32, 34 are also shown. Line 44 indicates that the 
outputs 34 toggles on the falling edge of clock input 16. 

Figure 3 illustrates a latch circuit 50. The latch circuit 50 can be used for 
5 both the master and the slave latches 12, 14 of Figure 1. The circuit 50 
includes complementary clock Inputs 52, 54 and outputs 56, 58, and is divided 
into a left portion 60 and a right portfon 62, A plurality of bipolar transistors 64, 
66. 68, 70, 72. 74, 76, 78, 80, 82 are provided together with three capacitors 84, 
86, 88, two resistors 90, 92 and five current sources 94. 96, 98, 100, 102. The 
10 transistors 64, 66. 68, 70. 72. 74, 76. 78. 80. 82. resistors 90, 92 and cunrent 
sources 94. 96, 98, 100, 102 are connected in a known way to carry out the 
latching function. The capacitors 84. 86, 88 are shown to represent layout 
'parasitics' which are typical in a high frequency integrated circuit (IC). These 
should be minimised to Increase toggle rate. The temi 'layout 'parasitic" is well 
1 5 known in this field. 

The transistors have been described as being bipolar transistors. They 
may be both heterojunction or homojunction bipolar transistors. 

In Figure 3, each resistor 90, 92 has the same resistance value. 
Similariy, all the transistors 64, 66, 68, 70, 72, 74. 76. 78, 80, 82 have the same 
20 emitter area of 4pm^. It is to be noted that it is not essential that the values be 
those illustrated. 

In the anrangement shown in Figure 3. transistors 76, 78 receiving the 
complementary clock inputs 52, 54 are generally known as a transistor clock 
pair. The transistor clock pair as shown here is said to be 'balanced', that is, 

25 the 'hold/follow' ratio for the latch circuit 50 is 1 . The maximum toggle rate or 
frequency of circuit 50 where it can still just about perform the *divide-by-2' 
Unction is around 12.2GHz. 

It has been found that by doubling the emitter area of transistor 76 to 
8pm^ and leaving all the other values the same, an improved maximum toggle 

30 rate and frequency gain flatness can be obtained as the 'hold/follow' ratio 
increases. 
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Figure 4 illustrates an improved latch circuit 110 which provides the 
improved maximum toggle rate. Components which are identical to those 
already described with reference to Figure 3 are referenced alike. The circuit 
1 10 includes complementary clock inputs 52, 54 as before and has outputs 112, 

5 114, and is divided into a left portion 116 and a right portion 62. Left portion 
116 of Figure 4 differs from left portion 60 of Figure 3 as It includes a transistor 
118 which has a larger emitter area than transistor 76. As before, transistors 
118. 78 fonm a transistor clock pair and receive clock Inputs 52. 54. As 
transistor 118 has a larger emitter area than transistor 76. the transistor dock 

10 pair is said to be 'imbalanced' as the 'hold period/follow period' ratio is now 
greater than 1 . This has the effect of increasing the maximum toggle rate to 
14GHz as shown in Figure 5. 

In Figure 5. a comparison of the respective sensitivity of latch circuits 50, 
110 against input frequency is shown. The sensitivity of the latch circuit 50 is 
15 indicated by line 120 and the sensitivity of the latch circuit 110 is indicated by 
line 122. The self-resonance for the left portion 60, 1 16 for each latch circuit 50, 
110 is indicated by portions 124. 126 respectively of the lines 120. 122. In 
these regions, the respective left portion 60. 1 16 is at Its most sensitive. It can 
readily be seen that the self-resonance increases from around 9GHz to 12GHz. 

20 For applications which require operation below self-resonance, the latch 

circuit 110 of Figure 5 provides substantial benefits. For an operational 
sensitivify of between -20dBm and -30dBm, line 120 shows that the 
conventional latch circuit 50 has an operational region extending between 
markers 124, 126 of around between 2GHz and 7GHz giving a 5GHz 

25 bandwidth. For the same operational sensitivity, line 122 shows that the 
improved latch circuit 110 has an operational region extending between 
markers 128. 130 of around between 2GHz and 10.5GHz giving a 8.5GHz 
bandwidth. This represents an improvement in operational bandwidth of around 
70%. 

30 As mentioned above, the master and slave latches 12, 14 are currently 

implemented by latch circuit 50 of Figure 3. By replacing latch circuit 50 with 
latch circuit 110 in prescaler 10. significant improvements can be made to the 
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maximum toggle rate or frequency of the prescaler 10 without Incurring an 
increase in cunrent consumption or the number of transistors. Additionally, the 
self-resonance of the prescaler can also be increased. 

It will readily be appreciated that, although the invention has been 

5 described such that the emitter area of transistor 1 18 Is twice that of transistor 
78, It is not limited to this value. The emitter area of transistor 118 can be any 
suitable multiple of the emitter area of transistor 78 greater than 1 to provide an 
Increased maximum toggle rate or frequency and 'hold/follow* ratio. Naturally, 
the emitter area of transistor 118 will be chosen In accordance with the 

10 particular application. 

Although the present invention has been described with reference to 
bipolar transistors having a change In emitter area to provide the increased 
maximum toggle rate or firequency and 'holdAfollow* ratio, it will be understood 
that the same principle can also be applied to field effect transistors (FETs). In 

15 this case, one or more properties or characteristics of the FET may be changed 
to provide the increased maximum toggle rate or frequency and 'hold 
period/Follow period' ratio. 

It will be appreciated that the benefits discussed above can easily be 
mapped to a higher yield of integrated circuits for a required perfomnance with 

20 an accompanying reduction in production costs. 
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CLAIMS: 

1 . A latch circuit Includlng:- 

a first latch portion including a first clock transistor, and 

a second latch portion including a second clock transistor; 

5 wherein the first and second clock transistors form a transistor clock pair 

and the first clock transistor has a different property or characteristic to the 
second clock transistor such that the 'hold period/follow period' ratio of the 
transistor dock pair is greater than 1 . 

2. A latch circuit according to claim 1, wherein the different property or 
10 characteristic comprises a dlfTerence in emitter area. 

3. A latch circuit according to claim 2, wherein the emitter area of the first 
clock transistor is greater than that of the second clock transistor. 

4. A latch circuit according to claim 3, wherein the emitter area of the first 
clock transistor is double that of the second clock transistor. 

15 5. A prescaler circuit including a first and second \aXdn circuit according to 
any one of the preceding claims. 



wo 2005/002053 



PCT/GB2004/002600 



1/5 



LL 



CM 
CO 



o o 



CO 




^3 
o o 



LU 
UJ 
> 



SUBSTITUTE SHEET (RULE 26) 



wo 2005/002053 



PCT/GB2004/002600 




SUBSTITUTE SHEET (RULE 26) 



wo 2005/002053 



3/5 



PCT/GB2004/002600 




SUBSTITUTE SHEET (RULE 26) 



wo 2005/002053 



PCT/GB2004/002600 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



"atlonal Application No 

/GB2004/002600 



A. CLASSinCATIONOFjSUBJECT MATTER 

IPC 7 H03K3/289 



Acoordlno to International Patent Qassiftealton (IPC) or to both nallonal dasslficalion and IPC 



FIELDS SEARCHED 



Minimum documentation searched (dasslflcation system followed by classification symbols) 

IPC 7 H03K 



Documentation searched other than minimum documentation to tiie extent that such documents are included in the fields searciied 



Electronic data bass oonsulled during the international search (name of data base and. where pradlcal. search terms used) 

EPO-Internal , WPI Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indicatbn, where appropriate, of the relevant passages 



Relevant to daim No. 



us 6 452 433 Bl (BECCUE STEVEN ET AL) 

17 September 2002 (2002-09-17) 

abstract; figures 6,10-12 

column 8, line 17 - line 55 

column 10, line 23 - column 12, line 44 

claims 16-22 

EP 0 325 418 A (ADVANCED MICRO DEVICES 
INC) 26 July 1989 (1989-07-26) 
column 2, line 21 - line 55; figure 2 
column 3, line 8 - column 8, line 47 

-/- 



1-5 



1-5 



Further documents are listed in the continuation of box C. 



ID 



Patent f&miiy members are listed In annex. 



Special categories of cited documents : 

*A' document defining the general state of the art which Is not 

considered to be o1 particular relevance 
'E' eariler document but published on or after the International 

faingdale 

'L" document wliich may throw doubts on priority claIm(s)or 
which is cUed to estabDsh the publication date of another 
citation or other special reason (as spectfied) 

*Cr document refenrlng to an oral disclosure, use, exhibftionor 
othernneans 

'P" docuntent published prior to the imemedional filing data but 
later tt^an the priority date claimed 



later document published after the international fiBng date 
or priority date and not in conflict with the application but 
dted to understand the principle or theory underiybig the 
invention 



•X' 



document of i^artlGular relevance; the claimed inventbn 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document b taken alone 
*Y" document of particular relevance; the claimed Invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skOled 
In the art. 

document member of the same patent family 



Date of the actual completion of the International search 



29 September 2004 



Date of mailing of the intemationai search report 



07/10/2004 



Name and mailing address of the ISA 

European Patent Office, P.B. 5616 Patenttaan 2 
NL-22B0H\/Rllswr)k 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (431-70)340-3016 



Authorized officer 



Kassner, H 



Form PCT/lSA/210 (saoond ehoet) (January 2004) 



INTERNATIONAL SEARCH REPORT 



-^^ttonal Application No 

;i/GB2004/002600 



C^Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ^ Cttatlon of document, with indication, wtiara approprialo. of the relevant passages 



Relevant to claim No. 



KIYOSHI ISHII ET.AL.: "Very-H1gh Speed SI 
Bipolar Static Frequency Dividers with New 
T-Type Fllp-Flops" 

IEEE JOURNAL OF SOLID-STATE CIRCUITS, 
vol. 30, no. 1, 

1 January 1995 (1995-01-01), pages 19-24, 

XP002258731 

the whole document 

RUNGE K ET AL: "SUBMICRON SILICON BIPOLAR 
MASTER-SLAVE D-TYPE FLIP-FLOP FOR USE AS 
8.1 GBIT/S DECISION CIRCUIT AND 11.2 
GBIT/S DEMULTIPLEXER" 
ELECTRONICS LETTERS, lEE STEVENAGE, GB, 
vol. 25, no. 20, 

28 September 1989 (1989-09-28), pages 
1345-1347, XP000074373 
ISSN: 0013-5194 
the whole document 

HAUENSCHILD J ET AL: "A lOGB/S BICMOS 
CLOCK AND DATA RECOVERING 
1:4-DEMULTIPLEXER IN A STANDARD PLASTIC 
PACKAGE WITH EXTERNAL VCO" 
IEEE INTERNATIONAL SOLID STATE CIRCUITS 
CONFERENCE, IEEE INC. NEW YORK, US, 
vol. 39, 1 February 1996 (1996-02-01), 
pages 202-203,445, XP000685596 
ISSN: 0193-6530 
the whole document 



1-5 



1-5 



1-3 



Foim PCT/ISA/210 (oontlnuallon ot second cheet) (January 2004) 



INTERNATIONAL SEARCH REPORT 

Information on patent ramf fy members 



International Application No 

. .T/GB2004/002600 



Patent document 


Put)IIcation 


Patent family 


Publication 


cited in search report 


date 


member(s) 


date 



us 6452433 



Bl 



17-09-2002 NONE 



EP 0325418 A 26-07-1989 US 4825097 A 25-04-1989 

EP 0325418 A2 26-07-1989 

OP 1284D11 A 15-11-1989 



Fofm PCT/lSA/210 (patent (emiiy annex) (January 2O0A) 



